We list and analyze H i absorption lines at redshifts 2 < z < 4 with column density (12 < log(N H I /[cm −2 ]) < 19) in 40 high-resolutional (FWHM = 8.0 km s −1 ) quasar spectra obtained with the Keck+HIRES. We de-blend and fit all H i lines within 1,000 km s −1 of 86 strong H i lines whose column densities are log N HI ≥ 15 cm −2 . Unlike most prior studies, we use not only Lyα but also all visible higher Lyman series lines to improve the fitting accuracy. This reveals components near to higher column density systems that can not be seen in Lyα. We list the Voigt profile fits to the 1339 H i components that we found. We examined physical properties of H i lines after separating them into several sub-samples according to their velocity separation from the quasars, their redshift, column density and the S/N ratio of the spectrum. We found two interesting trends for lines with 12 < log(N H I /[cm −2 ]) < 15 which are within 200 -1000 km s −1 of systems with log(N H I /[cm −2 ]) > 15. First, their column density distribution becomes steeper, meaning relatively fewer high column density lines, at z < 2.9. Second, their column density distribution also becomes steeper and their line width becomes broader by about 2-3 km s −1 when they are within 5,000 km s −1 of their quasar.
Quasar absorption systems have historically been divided largely into three physically distinct categories: (i) absorption systems with strong metal lines arising in or near intervening galaxies, (ii) weak H i systems in the Lyα forest that come from the intergalactic medium, and (iii) intrinsic systems that are physically related to the quasars, including associated and broad absorption line systems.
Metal absorption systems usually contain H i lines with relatively large column densities, including two subcategories: damped Lyman alpha (DLA) system and Lyman limit system (LLS) with H i column densities of log(N H I /[cm −2 ]) > 20.2 and 17.16, respectively. Deep imaging observations around quasars have provided evidences that the metal absorption systems are often produced in intervening galaxies. Galaxies have been detected that can explain Mg II absorption lines (e.g., Bergeron & Boissé 1991) , and C IV absorption lines (e.g., Chen, Lanzetta, & Webb 2001) .
On the other hand, nearly all H i lines have smaller column densities (log N HI ≤ 15) than those associated found in gas that shows strong metal lines. The number of H i lines per unit z increases with redshift (Peterson 1978; Weymann et al. 1998a; , because the intergalactic medium is denser and less ionized at higher z. The Lyα absorption lines are produced in intergalactic clouds (e.g., Sargent et al. 1980; Melott 1980) , which are the higher density regions in the inter-galactic medium (IGM). The Lyα lines are broadened by Hubble flow (e.g., Rauch 1998; Kim et al. 2002a ) as well as the Doppler broadening from the gas temperature. Misawa et al. (2004) presented a study of H i absorption lines seen towards 40 quasars in spectra from the Keck HIRES spectrograph. In a departure from prior work, they considered the H i lines without considering the metal lines. They classified the H i lines as either high density lines [HDLs] which have or are near to strong H i lines that are probably related to galaxies, and low density lines [LDLs] that are far from any strong H i lines and are more likely to be far from galaxies and hence in the IGM.
Following Misawa et al. (2004) , we define HDLs as all H i lines within ± 200 km s −1 of a lines with 15 < log N HI < 19 cm −2 . We define LDLs as lines with 12 < log N HI < 15 which are within 200 -1000 km s −1 of a line with 15 < log N HI < 19 cm −2 . This last velocity constraint is intended to make the LDL a "control" sample for the HDLs, where the two samples come from similar redshifts and regions of the spectra with similar signal to noise. Misawa et al. (2004) discovered that the HDLs have smaller Doppler parameters (b-values), for a given column density than the LDLs, and they also found the same effect in a hydrodynamic simulation with 2.7 kpc cells. Misawa et al. (2004) suggested that the LDLs are cool or shockheated diffuse intergalactic gas, and that the HDLs are cooler dense gas near to galaxies. Misawa et al. (2004) fit all the accessible transitions in the H i Lyman series to help de-blend H i lines. Their main sample comprised 86 H i absorption systems each with log N HI > 15 cm −2 . They also fit all H i lines within ±1,000 km s −1 of these H i lines, to give a total sample of 1339 H i lines, including the 86 lines. This is the only large sample in which multiple Lyman series lines are fit together, although this method has been used on individual systems and small samples (Songaila et al. 1994; Tytler, Fan, & Burles 1996; Wampler et al. 1996; Carswell et al. 1996; Songaila et al. 1997; Burles & Tytler 1998a ,1998b , Burles, Kirkman, & Tytler 1999 Kirkman et al. 2000; O'Meara et al. 2001; Kirkman et al. 2003; Kim et al. 2002b; Janknecht et al. 2006) .
In this paper, we present measurements of the absorption lines that Misawa et al. (2004) have analyzed. We give a detailed description of each absorption system and we summarize new results. The paper is organized as follows: In §2, we give descriptions of the data and the line fitting. The results of our statistical analyses are presented in §3. We discuss our results in §4, and summarize them in §5. In the Appendix, we describe the properties and we give velocity plots for each H i system. We use a cosmology in which H 0 = 72 km s −1 Mpc −1 , Ω m = 0.3, and Ω Λ = 0.7.
spectra and line fitting
The 40 quasars in our sample have either DLA systems or LLSs, and they were observed as a part of a survey for measurements of the deuterium to hydrogen (D/H) abundance ratio. The detailed description of the absorption and data reduction are presented in Misawa et al. (2004) . We caution that our sample was biased in subtle ways by the selection of LLS and DLAs that seemed more likely to show D, i.e. those with simpler velocity structure.
We list the 40 quasars in Table 1 . Column (1) is the quasar name, (2) the emission redshift. Columns (3) and (4) are the optical magnitude in the V and R bands. The lower and upper wavelength limits of the spectra are presented in columns (5) and (6). Column (7) gives the S/N ratio at the center of the spectrum. Same data set was also used in Misawa et al. (2007) in a study of the quasar intrinsic absorption lines.
We will discuss only H i lines with log N HI > 15 cm
and other H i weaker lines within ±1,000 km s −1 of these strong H i lines. We selected this velocity range since it is enough to include the conspicuous clustering of strong metal lines. Indeed such strong metal lines are normally confined to an interval of < 400 km s −1 even for DLA systems (Lu et al. 1996b ).
Here we briefly review the line detection and fitting procedures that we discussed in more detail in Misawa et al. (2004) . We began searching the literature for H i lines with log N HI > 15, including the DLA and LLS catalogues (Sargent, Steidel, & Boksenberg 1989, hereafter SSB; Lanzetta 1991; Tytler 1982) , and metal absorption systems (Péroux et al. 2001; Storrie-Lombardi et al. 1996; Petitjean, Rauch, & Carswell 1994; Lu et al. 1993; Steidel & Sargent 1992; Lanzetta et al. 1991; Barthel, Tytler, & Thomson 1990; Steidel 1990a,b; Sargent, Boksenberg, & Steidel 1988, hereafter SBS; SSB) . We also search for them ourselves. If more than one strong H i line was detected in a single 2000 km s −1 velocity window, we take the position of the H i line with the largest column density (hereafter the "main component") as system center. We found 86 H i systems with log N HI > 15, at 2.1 < z abs < 4.0, in 31 of the 40 quasars. Figure 1 of Misawa et al. (2004) gives the velocity plot of one of these systems, and below we give the rest. We give parameters describing these 86 systems in Table 2. In successive columns list (1) the name of the quasar; (2) the redshift of the main component, that with the largest column density ; (3) the H i column density of the main component N 1 ; (4) N 2 , the second largest H i column density within ±1000 km s −1 of the main component; (5) the ratio of N 2 to N 1 ; (6) -(9) the S/N ratios at Lyα, Lyβ, Lyǫ, and Ly10; (10) the number of lines in the ± 1,000 km s −1 window; (11) the number of H i lines classified as HDLs (described later); (12) comments on the H i system; (13) references. We will call this list sample S0 (Table 3) .
When we were fitting the lines, we rejected narrow lines with Doppler parameter of b < 4.8 km s −1 , which corresponds to the resolution of our spectra. We also identify all lines with b < 15 km s −1 as possible metal lines (called M I in Tables) because H i lines with this narrow width are rare (e.g., Hu et al. 1995, hereafter H95; Lu et al. 1996a, hereafter L96; Kirkman & Tytler 1997a, hereafter KT97) . If there was more than one way to fit the lines, we chose the fit with the fewest lines. If the model did not give good fits to all the Lyman series lines, we adopted the model that best fit the lower order lines where the SNR is best. For H i lines with column densities of log N HI ≥ 16.6 the Lyman continuum optical depth is τ ≥ 0.25. For these systems we checked if the residual flux at the Lyman limit was consistent. Our fitting method could readily overestimate the Doppler parameter but not the column density. Once the fitting model is chosen, we used χ 2 minimization in a code written by David Kirkman, to get the best fit parameters of H i column density (log N HI ), Doppler parameter (b), and absorption redshift (z). The internal errors are typically σ(log N HI )=0.09 cm −2 , σ(b)=2.1 km s −1 , and σ(z)=2.5×10 −5 . We prepared a sample S1 that is a sub-sample of S0 including only 973 H i lines and 61 H i systems with log N HI > 15. S1 excludes 25 systems with difficulties such as (i) poor fitting due to gaps in the echelle formatted spectra, (ii) poor fitting due to strong DLA wings (i.e., log N HI > 19), (iii) close proximity in redshift to the background quasars (i.e., within 1,000 km s −1 of the emission redshift), and (iv) overlapping with other H i systems. The S/N ratios of the spectra are at least S/N ≃ 11 per 2.1 km s −1 pixel and the mean value is S/N ≃ 47 for Lyα lines. Among these 61 H i systems, three systems may be physically associated with the quasars based on the partial coverage analysis for the corresponding metal absorption lines (Misawa et al. 2007 ). However, we keep these systems in S1 sample, because we still cannot reject the idea that they are intervening systems.
We give detailed descriptions of all the lines that we fit in the Appendix. We also give velocity plots of the first five Lyman transitions, Lyα, Lyβ, Lyγ, Lyδ, and Lyǫ.
results
We investigate the properties of line parameters such as the column density, Doppler parameter, and the clustering properties of the H i lines. Since this sample contains not only H i lines originating in the intergalactic diffuse gas clouds (i.e., LDLs), but also H i lines produced by intervening galaxies (i.e., HDLs), we also attempted to separate H i lines into HDLs and LDLs based on the clustering trend (Misawa et a. 2004) .
Our analysis is similar to that of previous studies (e.g., H95; L96; KT97), but with three key differences: (i) earlier studies used all H i lines detected in the quasar spectra, whereas we use only H i lines within ± 1,000 km s −1 of the main components with log N HI ≥ 15, (ii) our sample contains a number of strong lines (log N HI ≥ 15) in addition to weak H i lines (log N HI < 15), and (iii) our sample covers a wide redshift range: 2.0 ≤ z abs ≤ 4.0. The redshift distributions of the 86 and 61 H i systems in samples S0 and S1 are shown in Figure 1 .
Sub-Samples for the Statistical Analysis
For further investigation, we prepared several subsamples as follow. It is known that the comoving number densities of low-ionization lines, such as H i lines, decreases in the vicinity of quasars (Carswell et al. 1982; Murdoch et al. 1986; Tytler 1987) . This trend is known as the "proximity effect", and is probably caused by the enhanced UV flux from the quasar towards which the absorption is seen. We separate the 61 H i systems (sample S1) into sub-samples S2a (the velocity difference from the quasar, ∆v > 5,000 km s −1 ) and S2b (∆v < 5,000 km s −1 ). We have already removed from S1 all H i systems within 1,000 km s −1 of the quasars to avoid H i systems from the quasar host galaxies.
H95 emphasized that the line detection limit is almost wholly determined by the line blending (or blanketing), and not by the S/N ratio of the spectrum. In order to confirm whether the distribution of line parameters is affected by the quality of the spectrum, we made two overlapping samples from S1 using the S/N ratio of each spectrum in the Lyα region: S3a (S/N ≥ 40), and S3b (S/N ≥ 70). These sub-samples include 34 (∼ 60%) and 17 (∼ 30%) of the 61 H i systems of the sample S1.
Sample S1 covers a broader range of redshifts, 2.0 < z < 4.0, when compared with previous studies: 2.55 < z < 3.19 for H95, 3.43 < z < 4.13 for L96, and 2.43 < z < 3.05 for KT97. When we investigate the redshift evolution of H i absorbers, we also divided S1 into two sub-samples; S4a (z < 2.9) and S4b (z ≥ 2.9). Here the two sub-samples have nearly the same number of H i systems.
Finally, we made sub-samples according to the column densities of H i lines, as the distributional trends of strong and weak H i lines are very different (see Figure 2 in Misawa et al. 2004) ; the H i lines with relatively large column densities tend to cluster around the main components, while the number of weak H i lines decreases near the center of H i systems because of line blanketing. Since one of our interests is to determine the boundary value of column density between HDLs and LDLs (although other parameters may be necessary to separate them), we separate the 973 H i lines into eight sub-samples according to their column densities. We use boundary values of log N = 13, 14, 15, and 16, where sub-sample S5 ab contains H i lines whose column densities are log(N H I /[cm −2 ]) values of a to b.
In Table 3 
Physical Properties of H i Absorbers
For each sub-sample prepared in the last section, we perform statistical analysis, including analysis of the column density distribution, Doppler parameter distribution, and line clustering properties. The samples used here contain both HDLs and LDLs.
Column Density Distribution
The column density distribution of H i lines, dn(N )/dN , are usually fit with a power law (Carswell et al. 1984 , Tytler 1987 , Petitjean et al. 1993 H95) ,
where the index β was estimated to be 1.46 (H95), 1.55 (L96), and 1.5 (KT97) with only weaker H i lines with log N HI = 12 -14.5. Janknecht et al. (2006) found β = 1.60±0.03 at lower redshift z < 1.9. The column density distributions of our seven sub-samples (S1, S2a, S2b, S3a, S3b, S4a and S4b) per unit redshift and unit column density are analyzed. The plot in Figure 2 is the result for sub-sample S1. Since the turn-over of the distribution around log N HI = 12.5 is probably due to line blending and/or blanketing as described later in § 4, we fit the column density distributions only for log N HI > 13. The best-fitting parameters, β and A, as well as the redshift bandpass, ∆z, of each sub-sample are summarized in Table 4 , along with the past results from KT97 and Petitjean et al. (1993) . The indices that we find, β = 1.40±0.03, are slightly smaller than the value in the past results, β = 1.46 -1.55, which means that our sample favors strong H i lines. But we expect this type of trend. Our samples contain not only LDLs but also HDLs, and since we cover only the velocity regions within ± 1,000 km s −1 of the main components, we have a strong excess of strong H i lines. We see the column density distribution does not change with the velocity distance from the quasars (S2a and S2b) or with the S/N ratio (S3a and S3b), but it is weakly affected by redshift (S4a and S4b). We also applied the Kolmogorov-Smirnov (K-S) test to the sub-samples. The results in Table 5 show that we can not rule out the hypothesis that they are random samplings from the same population.
Doppler Parameter Distribution
The distribution of the Doppler parameter of H i lines have been approximately given by the truncated Gaussian distribution (H95; L96), In order to determine the correct Doppler parameter, we have to individually resolve and fit H i lines using Voigt profiles. However, most of weak H i lines disappear in the observed spectrum due to line blending and blanketing, especially near strong lines. To derive the intrinsic (as opposed to observed) distribution of the Doppler parameter, previous authors (i.e., H95; L96; KT97) have chosen artificial H i lines (as input data) with distributions characterized by a Gaussian, and used them for comparison with the observed distributions. KT97 noted that the b-value distribution of lines seen in simulated spectra resembles the distribution of the input data, except for two differences: (i) an excess of lines with large b-values is seen in the recovered data, compared to the input data, which is probably produced by line blending, and (ii) lines with very small b-values (b < 15 km s −1 ) are found, which are probably data defects or noise, as they are not present in the input data. Nonetheless, the b-value distribution of the input and recovered data resemble each other between b = 20 km s −1 and b = 60 km s −1 . We would ideally like to determine the real distribution of Doppler parameters; however, the only way to do this is to perform simulations, and compare the recovered Doppler parameter distribution with the observed distribution. Such simulations are expensive to perform, so in this work we simply compared the distribution in our sample with the past results of H95 and L96 at b = 20 -60 km s −1 because we decided to classify them into metal lines. All sub-samples except for S 1213 have relatively large b-values, and their distributions are closer to H95's distribution than L96's. In contrast, the distribution of S 1213 , containing only H i lines with small column densities, log N HI < 13, resembles L96's distribution. We plot in Figure 3 the Doppler parameter distributions of sub-samples S1 and S 1213 . We also applied a K-S test to the sub-samples (S2a, S2b, S3a, S3b, S4a, and S4b). The results are listed in Table 6 . The probability, that the distributions of sub-samples S2a (∆v(z em − z abs ) > 5000 km s −1 ) and S2b (∆v(z em − z abs ) ≤ 5000 km s −1 ) were drawn from the same parent population, is very small, ∼2.4 %. This result could suggest that the Doppler parameters of H i lines within 5000 km s −1 of quasars are affected by UV flux from the quasars.
HDLs and LDLs
In the previous section, we carried out statistical analysis using sub-samples containing both HDLs and LDLs together. Here, we repeat these tests on the two samples separately.
Metal absorption lines seen in DLA systems or LLSs are strongly clustered within several hundred km s −1 , which implies their relationship to galaxies. In simulations Davé et al. (1999) also noted that galaxies tend to lie near the dense regions that are responsible for strong H i lines. On the other hand, for weak H i lines, no strong clustering is seen (e.g., Rauch et al. 1992; L96; KT97) , although some studies found only weak clustering trends (e.g., Webb 1987; H95; Cristiani et al. 1997) .
As Misawa et al. (2004) found, lines with log N HI ≥ 15 show strong clustering trends at ∆v < 200 km s −1 , while lines with lower column densities cluster weakly at ∆v < 100 km s −1 (Figure 4 ). Misawa et al. (2004) defined HDLs as H i lines with 15 < log N HI < 19 and other weaker H i lines within ± 200 km s −1 of those stronger H i lines. They then defined the LDLs as all other lines with 12 < log N HI < 15. They chose log N HI = 15 cm −2 in the definition because the two point correlation was largest for a sub-sample of H i lines with 15 < log N HI < 19. We list the number of HDLs and LDLs in the sub-samples in Table 7 .
Column Density Distribution
In Table 8 we give the parameters that describe the column density distributions of HDLs and LDLs for five sub-samples (S1, S2a, S2b, S4a, and S4b). The most obvious result is that the HDLs have a smaller index than the LDLs. We see the same result in Figure 3 of Petitjean et al. (1993) , and hence we now confirm this with the first large sample to consider the sub-components of the HDLs.
The distributions of LDLs in sample S1, S2a, and S4b are almost consistent with the previous result in KT97. On the other hand, the power law indices for the LDLs of S2b (∆v ≤ 5000 km s −1 ) and S4a (z < 2.9), β = 1.90±0.16 and 1.71±0.06, are larger than the values for the other sub-samples, β ∼ 1.52, which means that LDLs at lower redshift or near the quasars tend to have lower column densities compared with those at higher redshift or far from the quasars. The change in the column density distribution near to the quasars may be just a consequence of the enhanced UV radiation.
Doppler Parameter Distribution
The Doppler parameter distributions of HDLs and LDLs for sub-samples (S1, S2a, S2b, S4a, and S4b) are also investigated, and the results of K-S tests applied to them are summarized in Table 9 . The only remarkable result is that the probability, that the Doppler parameter distributions of LDLs at ∆v > 5,000 km s −1 (S2a) and ∆v ≤ 5,000 km s −1 (S2b) from the quasars were drawn from the same parent population, is very small, ∼2.0%. We shows these two distributions in Figure 5 . In Figure 6 we see that the cumulative distribution for the line b-values rises more slowly for the LDLs near to the quasars (at ∆v ≤ 5000 km s −1 ), which means that these lines near to the quasars are broader by about 2-3 km s −1 . For other pairs of the sub-samples, we could not rule out the hypothesis that their parent populations are same.
discussion
In this section, we discuss our results, especially the fact that the column density distribution is changing with the redshift and the velocity distance from the quasars. We also compare our results to those at lower redshift (z < 0.4) from the literature. After that, we also briefly discuss the completeness of H i lines in our 40 spectra.
Redshift Evolution of H i Absorbers
In § 3, we prepared two sub-samples, S4a and S4b, to compare the physical properties of H i lines at lower redshift (z abs < 2.9) and at higher redshift (z abs ≥ 2.9). We do not see a change in the column density distribution in the sample as a whole, but once they are separated into HDLs and LDLs, we notice that the index of the column density distribution of LDLs at z abs < 2.9 (β = 1.71±0.06) is clearly different from that of LDLs at z abs ≥ 2.9 (β = 1.52±0.09). On the other hand, there was no redshift evolution for HDLs. This trend, shown in Figure 7 , means that there is a deficit of relatively stronger LDLs (i.e., log N HI ≥ 14.5) at lower redshift. One of the possible explanations is that at lower redshift, more H i lines with the column densities just below log N HI = 15 (i.e., relatively strong LDLs) might be associated with HDLs. In other words, stronger (i.e., log N HI = 14.5 -15) LDLs get into within 200 km s −1 of the nearest HDLs, and would be classified into HDLs, which is consistent with the trend expected in the hierarchical clustering model ( Figure 8 ).
As for the Doppler parameter distribution, we did not find any remarkable redshift evolutions in neither HDLs nor LDLs. L96 claimed that there is a redshift evolution of the Doppler parameter between z = 2.8 and 3.7; the mean value of Doppler parameter at z abs = 3.7 (b 0 = 23 km s −1 ; L96) is smaller than the value at z abs = 2.8 (b 0 = 28 km s −1 ; H95). The corresponding value in KT97 (b 0 = 23 km s −1 ) is, however, different from the result in H95. The difference may be due to the different line fitting procedure used in these studies; L96 and KT97 used the VPFIT software, while H95 used different software. Especially important is how the authors chose to treat blended lines. The difference could be related to the difference of the spectrum resolutions; R=45000 (L96; KT97) and R=36000 (H95). Janknecht et al. (2006) did not detect any evolution on the Doppler parameter at z = 0.5 -1.9. Our results, which are based on the data set taken with one observational configuration and fit using the same procedure, suggests that the Doppler parameter distribution of H i clouds does not evolve with redshift at z = 2 -4.
Proximity Effect near Quasars
It has long been noted that the number of Lyα lines decreases near to the redshift of the quasars (Carswell et al. 1982; Murdoch et al. 1986; Tytler 1987) . This phenomenon is related to the local excess of UV flux from the quasars. The proximity effect has been used to evaluate the intensity of the background UV flux. Bajtlik et al. (1988) first measured the mean intensity of the background UV intensity, J ν = 10 −21.0±0.5 (erg s −1 cm −2 Hz −1 str −1 ) at the Lyman limit at 1.7 < z < 3.8, by estimating the distance from the quasar at which the quasar flux is equal to the background UV flux. The typical radius is ∼ 5 Mpc in physical scale that corresponds to the velocity shift of ∆v ∼ 4,000 km s −1 from the quasars. L96 also evaluated the background UV intensity to be J ν = 2×10 −22 (erg s −1 cm −2 Hz −1 str −1 ) at z ∼ 4.1 in the spectrum of Q0000-26. We see two differences in LDLs within 5,000 km s −1 of the quasars, compared to those far from the quasars (∆v > 5,000 km s −1 ). We see fewer strong LDLs leading to a large index for the column density power law, β = 1.90±0.16 ( Figure 9 ). We also see that the distribution of Doppler parameter is different from that of H i lines far from the quasars at 98.8 % confidence level. The lines near to the quasar apparently tend to have broader lines (Figures 5 and 6) , although this is a tentative result because we consider few lines near to the quasars.
These results could be accounted for by assuming a twophase structure: outer cold low-density regions and inner hot high-density regions in which temperature is determined by the competition between photoionization heating and adiabatic cooling. When gas is near to the quasars, the outer regions become too highly ionized to show much H I, and only the inner hot regions would be observed in H I, which would increase the mean value of the Doppler parameter. The increased ionization also decreases the total column densities of H I gas compared with gas far from the quasars ( Figure 10 ). As reported in the past observations (e.g., Kim et al. 2001; Misawa et al. 2004) , log N HI and b(H i) have a positive correlation for log N HI < 15. This correlations was also reproduced by hydrodynamical simulations (e.g., Zhang et al. 1997; Misawa et al. 2004 ). These results suggest that high density regions tend to have larger Doppler parameters, if the absorbers are not optically thick. Davé et al. (1999) also presented an interesting plot in their Figure 11 that supported there existed three kinds of phases for H i absorbers (diffuse, shocked, and condensed phases). Among them, the diffuse phase whose volume densities are small (i.e., it corresponds to LDLs in our paper) has a positive correlation between log N HI and b. On the other hand, an anti-correlation between log N HI and b is seen only for the condensed phase with high volume density that is probably associated with galaxies. The shocked phase, probably consisting of shock-heated gas in galaxies, does not show any remarkable correlations between them. Thus, if we assume all LDLs in our sample arise in the diffuse phase absorbers, our scenario above could reproduce the difference between sub-samples S2a and S2b.
Comparison to H i Absorbers at Lower Redshift
The number density evolution of H i absorbers (i.e., dN/dz ∝ (1 + z) −γ ) has been known to slow dramatically at z ∼ 1.6, from a high-z rapid evolution with γ of 1.85±0.27 ) to a low-z slow evolution with γ of 0.16±0.16 (Weymann et al. 1998b ). This trend is suggested to be due to the decline in the extragalactic background radiation using hydrodynamic cosmological simulations (e.g., Theuns, Leonard, & Efstathiou 1998). Thus, a comparison of H i absorbers at high-z and local universe is another interesting topic.
In § 3, we found that the column density distribution of LDLs at z < 2.9 (β = 1.71±0.06) is steeper than that at z > 2.9 (β = 1.52±0.09). We proposed this trend could be due to the hierarchical clustering. If the assembly of structure in the IGM indeed dominates the column density distribution, we would expect to find a steeper column density distributions at lower redshift as proposed in § 4.1.
Using the Hubble Space Telescope (HST) and the Far Ultraviolet Spectroscopic Explorer (FUSE), Penton, Stocke, & Shull (2004) and Lehner et al. (2007) estimated powerlaw indices to be β of 1.65±0.07 at 12.3 ≤ log N HI ≤ 14.5 and 1.76±0.06 at 13.2 ≤ log N HI ≤ 16.5 at z < 0.4, respec-tively. On the other hand, Davé & Tripp (2001) found a flatter distribution (β = 2.04±0.23) at z < 0.3. The latter steeper distribution was also reproduced by hydrodynamical simulations (e.g., Theuns et al. 1998 ). If we accept the steeper result, the column density distribution would continue to be steeper as going to the lower redshift, which supports our idea that the hierarchical clustering could play a main role of the evolution seen in the column density distribution, although extragalactic radiation would contribute to play a role.
Absorption line width is another parameter that is still in argument whether it would evolve with redshift or not, as mentioned in § 4.1. While most of the space-based ultraviolet observations could not measure line widths by model fittings because of the lacks of spectral resolutions, Lehner et al. (2007) for the first time measured Doppler parameters of H i absorption lines accurately at lower redshift (z < 0.4), and investigate their distributional trend. By comparing to the results at higher redshift, Lehner et al. (2007) discovered that Doppler parameters are monotonously increasing from z = 3.1 to ∼0. Such a trend was not confirmed in past papers (e.g., Janknecht et al. 2006) . The fraction of the broad Lyα absorbers (BLA; b ≥ 40 km s −1 ) is also confirmed to increase by a factor of ∼3 from z ∼ 3 to 0 (Lehner et al. 2007 ). Here, b = 40 km s −1 corresponds to gas temperature of T gas ∼ 10 5 K, which is a border between the cool photoionized absorbers and the highly ionized warm-hot absorbers. These results suggests that a large fraction of H i absorbers at very low redshift (i.e., z < 0.4) are hotter and/or more kinematically disturbed than at higher redshift (i.e., z > 2.0).
In our sample,we do not see any clear difference of mean/median Doppler parameter at z ≥ 2.9 (b mean = 31.0±10.0, b med = 28.1) and z < 2.9 (b mean = 32.0±10.9, b med = 29.6). Neither HDLs nor LDLs shows any evolutional trends. These negative results could be because with our optical data we covered only higher redshift regions than z ∼ 1.6, at which dN/dz evolution dramatically changed. Similarly, the fraction of the BLA (f BLA = 0.182 at z ≥ 2.9 and 0.196 at z < 2.9) shows an only marginal hint to the evolution. However, these fractions are consistent to the result from KT97 (f BLA = 0.179; Lehner et al. 2007 ) at 2.43 < z < 3.05 that is similar redshift coverage as our sample. Thus, Doppler parameter could increase as going to the lower redshift, but such a trend would be remarkable only if we trace its distribution at very low redshift (at z < 0.4) and compare it to that at much higher redshift (at z > 2).
As for the clustering trend of H i absorption lines, we see a very similar property at low and high redshift regions. As presented in Figure 4 , we found a strong clustering trend within ∆v of 200 km s −1 for H i lines with log N HI between 15 and 19, while only a weak correlation is seen for weaker H i lines within ∆v of 100 km s −1 . Penton et al. (2004) presented very similar results: 5σ (7.2σ) excess within ∆v of 190 km s −1 (260 km s −1 ) and only stronger H i lines contribute to this clustering. Penton, Stock, & Shull (2002) proposed such clustering trends within several hundreds of km s −1 are due to clusters of galaxies. There could exist similar kinematical structures both at high-z and in local universe.
Completeness of H i Line Sample
For a statistical analysis, especially the number density analysis, the completeness of the H i line detection is influenced by the detection limit of absorption lines (e.g., equivalent width or column density). In this study, we have used the H i lines detected in the 40 HIRES spectra that have various S/N ratios. The strong line sample will have subtle biases arising from the selection of the quasars because they were once thought to be good targets for the detection of deuterium. For example, we avoided quasars with no LLSs, and we avoided LLSs with previously known complex velocity structure. Nevertheless, we confirmed that our sample is almost complete for weak lines in the following way.
The minimum detectable equivalent width in the observed-frame, W min , can be estimated using the following relation,
where M L and M C are the numbers of pixels over which the equivalent width and the continuum level (N C ) are determined (Young et al. 1979; Tytler et al. 1987) . The value of (S/N ) is the S/N ratio per pixel. When we set U ≃ W/σ(W ) is 4 (i.e., 4σ detection), the eqn.(3) can be solved to give,
where ∆λ is the wavelength width per pixel in angstroms (Misawa et al. 2002) . Here, we set M L for 2.5 times FWHM of each line, and M C for full width of each echelle order. Once the minimum rest-frame equivalent width,
, has been evaluated, it can be converted to the minimum column density by choosing a specific Doppler parameter; the result is insensitive to the choice on the linear part of the curve of growth. Among the 86 H i systems in our data sample, the H i system at z abs = 2.940 in the spectrum of Q0249-2212 is located in the region with the lowest S/N ratio (i.e., S/N ∼ 11). This corresponds to a 4σ detection limit of log N HI ∼ 12.3 for an isolated Lyα line with any Doppler parameter seen in our sample (b = 15 -80 km s −1 ). Thus, our sample is complete for H i lines with log N HI > 12.3. Therefore, the bend in the column density distribution near log N HI ∼ 13 is probably due to the line blending and blanketing.
summary
We present 40 high-resolutional (FWHM = 8.0 km s −1 ) spectra obtained with Keck+HIRES. Over the wide column density range (12 < log N HI < 19), we fit H i lines by Voigt profiles using not only Lyα line but also higher Lyman series lines such as Lyβ and Lyγ up to Lyman limit when possible. To investigate the detailed line properties, we made several sub-samples that are separated according to the distance from the quasar, redshift, the column density, and the S/N ratio of the spectrum. We also classify them into HDLs (lines arising in or near to intervening galaxies) and LDLs (lines not obviously near to galaxies and hence more likely to be from the intergalactic diffuse gas), based on the clustering properties. The main results are summarized below:
1. We present a database of H i absorption lines with a wide column density range (i.e., log N HI = 12-19) from a wide redshift range (i.e., z = 2-4).
2. Our data sample is complete at log N HI ≥ 12.3 with 4σ line detection. The turnover at log N HI < 13 seen in the log N HI distribution is not due to a quality of our spectra but due to the line blending and blanketing.
3. The power-law indices of the column density distribution of LDLs shows evolution with redshift, from β = 1.52±0.09 at z ≥ 2.9 to β = 1.71±0.06 at z < 2.9. This trend could be related to the hierarchical clustering in cosmological timescale. No evolution is seen for HDLs.
4. Within 5,000 km s −1 of the quasars, the power-law index of the column density distribution for LDLs (β = 1.90±0.16) is larger than those far from the quasars (β = 1.53±0.05). We also found a hint (Figure 6 ) that the Doppler parameters are larger near the quasars. These results could be due to the UV flux excess from the quasars. We do not see any similar trend for the HDLs.
5. We suggest that HDLs and LDLs are produced by physically different phases or absorbers, because they have four key differences seen in (i) clustering property, (ii) redshift evolution, (iii) Proximity effect, and (iv) log N HI -b min relation (see Misawa et al. 2004 ).
We acknowledge support from NASA under grant NAG5-6399, NAG5-10817, NNG04GE73G and by the National Science Foundation under grant AST 04-07138. This work was also in part supported by JSPS. The UCSD team were supported in part by NSF grant AST 0507717 and by NASA grant NAG5-13113. We also thank the anonymous referee for very useful comments and suggestions. c R magnitude from USNO-A2.0 Catalog (Monet et al. 1998) , except for Q1330+0108, whose R magnitude comes from the USNO-B Catalog (Monet et al. 2003) .
d Lower limit of the observed quasar spectrum.
e Upper limit of the observed quasar spectrum.
f S/N ratio at the center of each spectrum.
g This lensed quasar is amplified by a factor of ∼3.1 (Barvainis & Ivison 2002) .
h This lensed quasar is amplified by a factor of 15.38 (Kormann et al. 1994) . a H i The largest column density.
b H i The second largest column density within ±1000 km s −1 of the largest column density.
c Number of H i lines within ±1000 km s −1 of the main component.
d Number of HDLs (see § 3.3).
e A : centers of H i systems are separated by less that 1000 km s −1 , B : there are gaps in the spectrum within 1000 km s −1 of the main component, C : normalization of spectrum is not good because of strong absorption with log NHI > 19, D : candidate for a quasar intrinsic system (Misawa et al. 2007) , V1000 : velocity difference from the quasar emission redshift is smaller than 1000 km s −1 , V5000 : velocity difference from the quasar emission redshift is smaller than 5000 km s −1 .
f 1 : Listed in NED or literature in 2002 (Péroux et al. 2001; Storrie-Lombardi et al. 1996; Petitjean, Rauch, & Carswell 1994; Lu et al. 1993; Steidel & Sargent 1992; Lanzetta et al. 1991; Barthel, Tytler, & Thomson 1990; Steidel 1990a,b; SBS; SSB) . a Sub-samples S2a -S51619 are all derived from a sample S1.
b Number of H i systems, i.e. lines with log NHI > 15 cm −2 .
c Number of H i lines, i.e. all H I lines within ±1000 km s −1 of the systems.
d Should satisfy four conditions; (i) separated from the quasar by more than 1000 km s −1 , (ii) column density of the main component is log NHI < 19 cm −2 , (iii) there are no gaps in the HIRES spectrum near Lyα, and (iv) there are no other H i systems within ±2000 km s −1 . 1.368 ± 0.034 6.937 ± 0.552 0.887 S3b (S/N > 70)
1.350 ± 0.040 6.660 ± 0.615 0.453 S4a (z < 2.9)
1.343 ± 0.031 6.537 ± 0.494 0.741 S4b (z ≥ 2.9)
1.439 ± 0.031 8.015 ± 0.497 0.865 Kirkman & Tytler (1997) 1.5 8.79 Petitjean et al. (1993) 1.46 8.08
a Best fit value and 1σ error of β in eqn.
(1).
b Best fit value and 1σ error of A in eqn.
c Total redshift width of sub-sample. a Probability that the two distributions were drawn from the same parent population. a Probability that the two distributions were drawn from the same parent population. Petitjean et al. (1993) (HDLs + LDLs) 1.46 8.08 Kirkman & Tytler (1997) (LDLs) 1.5 8.79
c Total redshift width of sub-sample.
Table 9 K-S test for Doppler parameter
HDLs (S1) / LDLs (S1) 0.049 67.9 HDLs (∆v > 5000 km s −1 ) / LDLs (∆v > 5000 km s −1 ) 0.084 18.8 HDLs (∆v ≤ 5000 km s −1 ) / LDLs (∆v ≤ 5000 km s −1 ) 0.158 19.4 HDLs (∆v > 5000 km s −1 ) / HDLs (∆v ≤ 5000 km s −1 ) 0.091 76.6 LDLs (∆v > 5000 km s −1 ) / LDLs (∆v ≤ 5000 km s −1 ) 0.143 2.0 HDLs (z < 2.9) / LDLs (z < 2.9) 0.095 34.3 HDLs (z ≥ 2.9) / LDLs (z ≥ 2.9) 0.086 34.6 HDLs (z < 2.9) / HDLs (z ≥ 2.9) 0.134 11.7 LDLs (z < 2.9) / LDLs (z ≥ 2.9) 0.041 94.7 a Probability that the two distributions were drawn from the same parent population. The solid line is the best fit power law for our study. Dashed and dotted lines are the best fit power laws in the range of 12 < log N HI < 14 (KT97) and 12 < log N HI < 22 (Petitjean et al. 1993) . -Column density distributions of LDLs at z < 2.9 (S4a) with open squares and solid lines, and at z ≥ 2.9 (S4b) with filled triangles and dashed lines. The line frequency of stronger LDLs (i.e., log N HI > 14.5) at z < 2.9 preferentially decreases compared with those of LDLs at z ≥ 2.9, while the frequency of weaker LDLs does not change with redshift.
z~2.9
HDLs HDLs QSO weak LDLs strong LDLs observer Fig. 8. -Cartoon of the distribution of absorbers at z ≥ 2.9 and z < 2.9. Shaded circles are HDL absorbers. Dotted and small circles are strong (e.g., log N HI > 14.5) and weak (e.g., log N HI < 14.5) LDL absorbers, respectively. If strong LDL absorbers would gather around HDL absorbers within relative velocity of ∆v < 200 km s −1 , the number of strong LDLs decrease as redshift decreases. Such trend is consistent with the concept of the hierarchical clustering model. 
APPENDIX discussion of individual h i systems
In this section, we describe the results of fitting the 86 H i systems in sample S0. Velocity plots of them with ± 1000 km s −1 widths for the lowest five orders of Lyman series (i.e., Lyα, Lyβ, Lyγ, Lyδ, and Lyǫ) are presented in Figure 11 as far as they are accessible. In Table 10 we give in column (1) ID number; columns (2) and (3) observed wavelength and velocity shift from the system center; column (4) absorption redshift; columns (5) and (6) column density with 1σ error; columns (7) and (8) Doppler parameter with 1σ error; column (9) line identification. If narrow lines with b < 15 km s −1 are not identified as specific metal lines, we use "M I" as unidentified lines in the column (10). Table 10 lists only H I, M I, and metal lines that are detected within ±1000 km s −1 windows of the 81 H i systems. Metal lines in the H i system windows are neither numerated in the table nor marked with ticks in Figure 11 because they happen to locate within the H i system windows and they are not physically relate to the H i systems. Important metal absorption lines in the 86 H i systems that are detected in our spectra are also summarized in a separate table (Table 11) .
Q0004+1711 (z em = 2.890). -SSB observed this quasar, and detected strong C IV and Si IV absorption lines at z abs =2.5181 as well as a strong Mg II line at z abs = 0.8068. We confirm the prominent LLS at z abs = 2.881. We see Si II λ1260, Si II λ1527, C II λ1335, and O I λ1302 lines, but no C IV doublet. Our spectrum has a range of 3510Å to 5030Å. Both Lyα and Lyβ are detected at z abs = 2.422 -2.890. z abs = 2.8284 -Although the spectrum has a range of Lyα up to Ly13, the S/N ratio is very low (S/N = 18 at Lyα, and 1.8 at Ly10). This system is within 5000 km s −1 of the emission redshift of the quasar at z em = 2.89.
z abs = 2.8540 -This system is also within 5000 km s −1 of the quasar. Though the spectrum covers the Lyman limit of the system (λ limit ∼ 3513Å), the low S/N ratio of the spectrum prevented us from measuring this. This system is shifted only 1300 km s −1 blueward of the DLA system at z abs = 2.8707, and Lyα is strongly blended with the left wing of the DLA. z abs = 2.8707 -This system was previously detected by SBS. Most components in the system are blanketed by the wings of the main component, which has a large column density, log N HI = 19.93, and rather small Doppler parameter, b = 12.57 km s −1 . This system is also within 5000 km s −1 of the quasar.
Q0014+8118 (z em = 3.387). -This quasar has been well studied since its discovery in 1983 (Kuhr et al. 1983 ), as there is a candidate D I line at z abs = 3.32. An upper limit on the D/H ratio was determined to be D/H < 25 -60 ×10 −5 for this system (Songaila et al. 1994; Carswell et al. 1994) . Rugen & Hogan (1996a,b) also detected a D I line in another LLS at z abs = 2.80 in this quasar. Burles, Kirkman, & Tytler (1999) , however, claimed that these absorption lines were not primarily due to D I, based on their improved spectrum. Our spectrum ranges from 3650Å to 6080Å. Both Lyα and Lyβ are detected at z abs = 2.558 -3.387. z abs = 2.7989 -The absorption profile around the main component (the "central trough" hereafter) is strongly damped for Lyα, Lyβ, and Lyγ, which makes it difficult to fit the profile. If the trough was fit with a single component, the Doppler parameter was found to be rather large, b > 60 km s −1 . Fortunately this system has many C IV and Si IV lines. Therefore the C IV lines were used as a reference, and the trough was fit with two components having b = 45 and 33 km s −1 , respectively. Both components are found to have high column densities, log N HI > 18. They may be resolved into narrower components. z abs = 2.9090 -If the central trough was fit with only one line, the column density was found to be log N HI > 16.8. However, there is no Lyman break feature around 3565Å. Lyβ has an asymmetrical profile. Therefore we fit the trough with two components having log N HI = 16.09 and 15.60. The best-fitting model for Lyα and Lyβ is slightly inconsistent with Lyγ and Lyδ. z abs = 3.2277 -This is a very weak system with log N HI = 15.33, that may be a strong Lyα forest member produced by an intergalactic cloud. There are no metal lines in the system. The spectrum has a narrow data defect at ∆v = −500 to −400 km s −1 from the main component in Lyα window.
z abs = 3.3212 - Burles, Kirkman, & Tytler (1999) fit the central trough with four components positioned at ∆v = −98.6, 0, +98, and +155 km s −1 from the main component. We also fit the trough with four components positioned at ∆v =−90, 0, +100, and +150 km s −1 from the main component, which is in good agreement with the results of Burles, Kirkman, & Tytler (1999) . The Lyman break around 3940Å suggests that this system has a column density larger than log N HI > 16.6. This system is within 5000 km s −1 of the quasar. A C IV complex at z abs = 2.40 around 5260 -5275Å is blended with Lyα lines of this system. -2824 (z em = 3.616 ). -In this quasar, SSB found strong Mg II lines at z abs = 1.3412 and 1.4398, and three Si IV lines at z abs = 3.2791, 3.5068 and 3.5800, but associated C IV lines were not detected. The Si IV system at z abs = 3.5800 is known to be associated with the conspicuous LLS at z abs = 3.585. Our spectrum ranges from 4090Å to 6510Å. Both Lyα and Lyβ are detected at z abs = 2.987 -3.616. z abs = 3.2370 -This is a less reliable system, because the spectrum contains only three Lyman lines (Lyα, Lyβ, and Lyγ), and the S/N ratio is very low (S/N = 17 at Lyα z abs = 3.1739 -Our spectrum covers from Lyα to Ly11 of this system. It was not possible to fit the central trough well, as it is asymmetrical. This effect is probably artificial, because it seems to be caused by the failure of continuum fitting, as is often the case for the spectrum around strong absorption features. Nonetheless, our fitting model is reliable to some extent, since the profiles of higher orders are fit very well. This system is accompanied by five Si II lines. z abs = 3.1960 -This system is only 1600 km s −1 redward of the system at z abs = 3.1739. Various metal lines, such as C II, Si II, and Si III, were detected in the system. Though the spectrum has a wide data defect between 5126Å and 5132Å, corresponding to ∆v = 600 -900 km s −1 from the main component, we were able to fit the regions with reference to the profiles of higher orders. z abs = 3.3169 -Our spectrum covers from Lyα to Lyman limit of this system, and the S/N ratio is very high (e.g., S/N = 103 at Lyα). There are many broad and smooth components blueward of the main component, while only narrow lines were detected in regions redder than the main component. The narrow line clustering around 5262Å corresponds to unidentified metal lines. This system has corresponding C II and C III lines. -0143 (z em = 3.197) . -This quasar was discovered in the course of the Large Bright Quasar Survey (LBQS), and is known to have a DLA system at z abs = 3.061 with log N HI = 21.18 (Lu et al. 1993) . Fe II, Si II, Si III, Si IV, C II, Al II, and O I are associated with this DLA system. Lu et al. (1993) also detected an Na I doublet at z abs = 0.1666, though this identification is less reliable because of line blending with Al II λ1671 at z abs = 3.1146. The Mg II doublet at z abs = 1.456 is also uncertain, because the blue and red members of the doublet poorly agree in redshift. The system also provides accurate measurements of uncommon metal lines such as Ar I, P II and Ni II (Prochaska et al. 2001) . Our spectrum ranges from 3940Å to 6390Å. Both Lyα and Lyβ are detected at z abs = 2. 841 -3.197 . Unfortunately, the low S/N ratio of the spectrum prevents us from detecting not only this DLA system but also other H i systems with log N HI > 15.
Q0054
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Q0450-1310 (z em = 2.300). -This quasar was discovered by C. Hazard, and first studied by SBS and Steidel & Sargent (1992) . They found one Fe II line at z abs = 1.1745, three Mg II lines at z abs = 0.4940, 1.2291 and 1.3108, and three C IV and Si IV lines at z abs = 2.0669, 2.1063 and 2.2315. Petitjean et al. (1994) found an additional Mg II line at z abs = 0.548, and four C IV lines at z abs = 1.4422, 1.5223, 1.6967 and 1.9985. The system at z abs = 2.0669 is a DLA candidate, because it has a strong Lyα line with large rest-frame equivalent width (W rest = 6 A), and corresponding O I line which is often detected in DLA systems. The system at z abs = 2.2315 is probably associated with the quasar, as the velocity difference between the two is only 2080 km s −1 , and because the system has a high-ionization N V doublet which is usually detected in the systems physically associated to quasars. Our spectrum ranges from 3390Å to 4910Å, and most of the region is redder than the peak of the Lyα emission lines at the redshift of the quasar, z abs = 2.300. Therefore we could not detect any H i lines in our spectrum with log N HI > 15. .178) . -This quasar at z em = 3.178 is one of the most luminous quasars known, and is listed as a radio quasar in Hewitt & Burbidge (1987) . There are several C IV absorption systems at z abs = 2.4754, 2.8051, 2.9040, 3.0174, and 3.0589. The system at z abs = 2.9040 is associated with the LLS at z abs = 2.909. At lower redshift, the Mg II system is detected at z abs = 1.2941 (SSB). Our spectrum ranges from 3560Å to 6520Å. Both Lyα and Lyβ were detected at z abs = 2.471 -3.178. z abs = 2.6825 -The absorption lines around this system were well fit due to the high S/N ratio (S/N = 64 at Lyα) and the low number density of Lyα forest lines around the system. The Lyγ lines of the system are blanketed by the Lyman continuum of the LLS at z abs =2.904. z abs = 2.8685 -The spectrum includes the Lyα to Ly8 lines of the system, though Ly7 and Ly8 are blanketed by the Lyman continuum of the LLS at z abs = 2.904. Four lines between ∆v = 400 km s −1 and 700 km s −1 from the main component in Lyα window are probably not H i lines, since corresponding lines of higher orders are not detected. z abs = 2.9039 -This system is an LLS with a large column density, and has a clear Lyman break around 3570Å. Songaila & Cowie (1996) have already evaluated the column density of the system, finding log N HI = 17.8. Our best fit to this line gave log N HI = 18.22. We detected 8 C IV and 6 Si IV doublets in the system, though Si IV λ1394 components are affected by the spectrum gap. The system also has three O I lines, which strongly suggests that it is in a low ionized state, surrounded by gas clouds of large column density. z abs = 3.0135 -This system, with log N HI = 15.79, has two C IV doublets. The spectrum ranges from Lyα to the Lyman limit of the system. Misawa et al. (2007) identified this system as a quasar intrinsic system, based on the partial coverage analysis of the C IV doublet. z abs = 3.0675 -This is a weak system with log N HI = 15.28. The fitting model is very reliable because the spectrum ranges from Lyα to the Lyman limit of the system with a high S/N ratio (e.g., S/N = 117 at Lyα, 44 at Lyβ, and 13 at Ly10). Fig. A11 .-(Sample) Velocity maps of the lowest five orders of Lyman series (i.e., Lyα, Lyβ, Lyγ, Lyδ, and Lyǫ) in a H i system at z abs = 2.8284 in the spectrum of Q0004+1711. A histogram just above the zero flux is 1σ error spectrum. Tick marks above the flux spectrum denote the positions of H I and M I lines. Metal lines in the velocity window are not marked because they are not physically related to the H i system.
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